Abstract
Introduction
Obesity and associated insulin resistance are considered the main risk factors for developing Type 2 diabetes mellitus (T2DM), regardless of genetic predisposition [1, 2] . The current worldwide increase in obesity, already from childhood is associated with an increase of T2DM and prediabetes (PD), defined as impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) [3, 4] . Using fasting glucose levels as the main screening tool appears to be insufficient in detecting children at risk [5] . When compared to First Nation children and adolescents in Canada and Native Americans, African Americans and Latin-Americans in the USA, while IFG and T2DM are still relatively rare in European children and adolescents, IGT occurred in 10% up to 30% of obese Caucasian children and adolescents [1, 2] . Early identification of obese children and adolescents with IGT is beneficial because: IGT in childhood predicts T2DM later in life [6] ; in adults, approximately 30% of patients with IGT, naturally will convert to T2DM within 5 years [7, 8] ; both children and adults with IGT have an increased risk of developing cardiovascular diseases (CVD) or cardiovascular risk factors prior to progressing to diabetes [9, 10] . In addition, developing tools to predict which children are at greater risk could provide early diagnostic and therapeutic insights [6] . This could help provide therapeutic approaches that could slow down or even reverse the current trends of the obesity and T2DM pandemic in children and adolescents [6] . Additionally, a group of disorders that include obesity, insulin resistance, dyslipidemia, arterial hypertension and other metabolic anomalies (the metabolic syndrome -MS), is defined as associated with cardiovascular disease (CVD) [11, 12] and it is possible that this syndrome is already affecting children even before they start school [13] . Furthermore, screening for the MS in overweight children and adolescents (as opposed to screening for individual diseases related to the syndrome) may help simplify screening strategies and raise awareness for the risk of both T2DM and CVD among overweight children both at the physician level and in the individual member or family level. Thus, it may simplify the need for multiple recommendations and guidelines for the identification and treatment in overweight children for separate disease processes (e.g. obesity, hypertension, T2DM), which in reality overlap due to a shared pathophysiology [14] . Regarding lipid levels, it is important to establish the natural course of the lipid profile in obese children, especially during puberty, because they are at increased risk for CVD and dyslipidemia. Questions remain unanswered as to whether obese children enjoy the same spontaneous improvement in lipid profile during puberty as do normal weight children or whether obesity overrides puberty and, therefore, exposes them to increased risk [15] . The oral glucose tolerance test (OGTT) is necessary for the diagnosis of IGT but is time-consuming and not easy to use on every obese pre-teen and adolescent. Therefore, some reliable and easy to use tools for identifying the risk of PD (IGT, FGT or both) in this population would be very helpful. Child compliance for measurement of weight, height, waist circumference (WC), blood pressure (BP), screening for acanthosis nigricans and asking the parents about family history (FH) is very good. Also, using the finger prick method, we could determine from a single drop, more markers: glucose, HbA1c and lipids: total cholesterol (TC), LDL-c, HDL-c, triglycerides and TC/HDL ratio). But, contrary to this collaborative attitude, when it comes to OGTT, many of children have a low compliance. The aim of our study was to identify if these markers, easy-to-use and accepted by the children, and witch of them, are predictable for identifying the risk for PD (IGT or/and FGT).
Material and Methods
We examined a sample of 89 overweight children aged 9 to 18 years, who asked for nutrition counseling in our outpatient center, specialized in pediatric nutrition, diabetes and metabolic disease. Over 90% originated from Bihor County, the rest coming from the neighboring counties of Arad, Satu Mare and Cluj. None of the children suffered from known or diagnosed endocrine or syndromal disorders, or were on any medication. All the children were screened for the degree of overweight, using body mass index (BMI); abdominal obesity, using (WC); cardiovascular risk, using blood pressure (BP) values and lipids: total cholesterol (TC), HDLc, LDL-c, triglycerides, TC/HDL-c ratio; and disturbed glucose metabolism, using fasting glucose, OGTT and HbA1c. We also looked for metabolic and cardiovascular family history (FH) and acanthosis nigricans. Two children were diagnosed with T2DM and were excluded from the study.
Height was measured to the nearest centimeter, using a rigid wall-mounted stadiometer. Weight was measured to the nearest 0.1 kg in the morning, in underwear, using a calibrated balance scale. Acanthosis nigricans was examined at fingers, elbows, neck, armpits, and groin. We considered it positive if present in any anatomic zone. Children were instructed to fast for 12 hours before tests, and compliance was determined by interview on the morning of the examination. They were on their regular diet for a minimum 4 weeks before lipid testing and none of them had recent severe illness in the previous month. Lipids ( 
Results
The characteristics of the 87 analyzed overweight and obese children are listed in Table 1 . Prevalence of PD was 41.4% in whole study population. PD was significant more frequent in obese (50.7%) than overweight (10.0%) children (p<0.01) and 1.3 times greater in the pre-teen (44.8%) than in adolescent (34.5%) group (p=0.03). IFG prevalence was 9.2%, and was seen only in the obese subpopulation (11.9%). The prevalence of IFG was significantly higher in pre-teens than in adolescents (12.1% versus 3.5%, p<0.01). The prevalence of IGT was 17.2%, significantly higher in obese than in overweight children (19.4% versus 10.0%, p=0.02), and in pre-teens than in adolescents (20.7% versus 10.3%, p=0,01). Combined IFG and IGT was seen in 14.9% of subjects, more frequently in adolescents than in pre-teens (20.7% versus 12.1%, p<0.01), but only in the obese subpopulation (19.4%). (Table 2) The prevalence of the risk markers for IFG, IGT and IFG with IGT are presented in Table 3 . We found that any combination of 3 factors increases the risk of PD 1.7 times (RR=1.7). (Table 4 ) The risk factors for PD in the pre-teen subpopulation were: obesity (RR=5.8), abdominal obesity (RR=4.0), acanthosis nigricans (RR=3.7), HbA1c>5.5% (RR=2.5), TC ≥170 mg/dL (RR=1.9), HDL-c≤45mg/dL (RR=17), high BP (RR=1.5), triglycerides ≥ 125 mg/dL (RR=1.5), and LDL-c>100 mg/dL (RR=1.2). (Table 5) The risk factors for PD in the adolescent subpopulation were: obesity (RR=6.3), HbA1c>5,5% (RR=4.9), hypertension (RR=2.1), FH (RR=2.1), abdominal obesity (RR=1.8), TC ≥170 mg/dL (RR=1.6), LDL-c >100 mg/dL (RR= 1.6), TC/HDL≥3,3 (RR=1.4), acanthosis nigricans (RR=1.3) and HDL-c ≤45mg/dL (RR=1.1). (Table 5) It should be noted that many of the assocations presented in Tables 4 and 5 are not independent.
Discussions
Our study indicated that 41.4% of overweight and obese children in a population from the western part of Romania have PD during puberty and adolescence. IGT had a high prevalence in children with dyslipidemia, from urban area and when acanthosis nigricans was present (Table 3) . IFG was identified particularly in the male subpopulation, from urban area, when cardiovascular risk factors were present and in the obese subpopulation (Table 3) . PD (IFG alone, IGT alone and IFG with IGT) had a high prevalence when dyslipidemia was present, in urban area, when acanthosis nigricans was present and in the obese subpopulation. Increased HbA1c had the highest prevalence only in the obese subpopulation having IFG with IGT (Table 3) .
Our findings are similar with those of another study that reported a higher prevalence of IGT in males [24] , but in contrast with a more recent study [25] that showed no gender difference. Possible explanations for the higher prevalence of PD in boys might include: the higher number of boys during puberty than in the adolescence group in comparison with girls; the higher number of boys from urban area in comparison with girls and the more positive FH in boys than in girls.
The most frequent disturbance of PD was IGT (31.5%), indicating the importance of OGTT in diagnosing of PD in this subpopulation, wich would remained unknown if only fasting glucose would be determined.
Onset of puberty is associated with an increase in insulin resistance [15, 26] , suggesting that this change could be the cause for the high prevalence of PD in our study. Accordingly, we found as predictive markers, both abdominal obesity (RR=4.0) and acanthosis nigricans (RR=3.7), both markers of insulin resistance in pre-teens subpopulation. However, further operating factors may be involved. Thus concentrations of sex hormones and adipocytokines change dramatically during pubertal development. Adiponectin, for example, decreases with the onset of puberty and is negatively correlated to insulin resistance and many cardiovascular risk factors [27] .
Furthermore, this study suggests that factors of the MS such as abdominal obesity, low HDL-c, high value of triglycerides and elevated BP are associated with PD. Thus, TC, HDL-c, BP and triglycerides are predictable risk factors for PD in pre-teens while BP, TC, LDL-c are predictable risk markers for PD in adolescents (Table 4) . These findings are in agreement with studies reporting a clustering of these cardiovascular risk factors among children with IGT [10,28] suggesting a link between these cardiovascular risk factors and PD (particularly IGT). In our population, MS was seen in 2 children according to IDF [29] , but in 4 children when we apply De Ferranti definition [30] .
This study indicated a direct relationship between obesity and prediabetes both in adolescents (RR=6.3) and in pre-teens (RR=5.8). Other similar studies demonstrated that extreme obesity in particular is a strong risk factor for IGT, and weight loss is associated with an improvement in IGT [3] .
High prevalence of waist circumference ≥ 90 th percentile in PD (IFG, IGT and IFG+IGT) supports the role of abdominal obesity in the deterioration of glucose metabolism (Table 3) . Changes of HbA1c could predict PD, especially in obese adolescents (Table 5 ), but OGTT cannot be replaced by other measurements, such as HbA1c. In obese adolescents with components of the MS, especially in those with a positive FH, OGTT may be also helpful to detect T2DM. It was reported that children and adolescents with T2DM in Europe were predominately pubertal and suffered from hypertension and dyslipidemia [2,4]. In our study, 2 obese adolescents have been diagnosed with T2DM after OGTT, both having IFG. This is a reason more to recommend OGTT even in PD diagnosed only like IFG.
In SUMMARY, more than 40% of overweight and obese children during puberty and adolescence had PD in our non-random sample of overweight and obese children referred for nutritional advice in Western Romania. Most of them had IGT, suggesting the necessity of screening with OGTT in such at-risk populations. Risk factors for developing PD in this study were puberty, weight and BMI percentiles, deterioration of parameters of the MS when followed sequentially (increase of waist circumference, blood pressure, and lipids levels), HbA1c>5,5%, acanthosis nigricans, male gender and urban residence. Using the IDF definition, half of the children defined as MS with the DeFerranti definitions are missed. Using finger prick method for HbA1c and lipids, we can decrease the burden of diagnosis and increase early identification of cardiometabolic risk factors in overweight and obese children. Screening for IGT is important for identifying PD in overweight patients who don't develop IFG, or in diagnosing T2DM.in obese children with IFG ...
